The influence of aging on recovery following ischemic brain damage.
Stroke is a health hazard that affects all age groups, however the impact of age on brain injury following ischemia remains largely unexamined. We examined the extent to which age, from the newborn to mature adult, affects behavioral recovery following similar degrees of ischemic brain damage. We utilized a model that produces comparable volumes of brain damage between the different ages. Endothelin-1, a potent vasoconstrictor, was injected into the brain of 10, 63 and 180-day-old rats, at the level of the right middle cerebral artery. On days 3, 7, 14, 28 and 56 post-insult, behavioral tests including rota-rod, foot-fault, open-field, inclined screen, tape-removal test and postural reflex were performed. Control animals underwent sham surgery, but ischemia was not induced. Neuropathology was assessed on day 63 post-insult. Volume of damage was determined for each brain as a percentage of the contralateral hemisphere (which remains undamaged). Our results indicated that the volume of damage for each age group was 22.97, 19.97, and 18.85% for 10, 63 and 180-day-old rats, respectively, and were not significantly different from each other. Overall, ischemic animals did significantly more poorly on behavioral testing than did controls. When broken down by age, the difference between ischemics and controls was only evident in the 63 and 180-day-old animals. The tape-removal test revealed main effects of age, group, and day (p<0.001). In addition, significant interactions were noted for day of testing by age (p<0.001), day of testing by group with ischemics performing more slowly than controls, and an age by group interaction which indicated that the 63 and 180-day-old ischemic rats did not recover completely during the testing period and remained significantly slower than their controls (p<0.001). In the foot-fault task, the 63 and 180-day-old ischemic animals performed significantly more poorly on days 3, 7, and 14 of recovery, returning to control values by day 28. The 180-day olds performed more poorly on day 3 of recovery, but then returned to control values. For open-field testing, the results indicate an overall difference between ischemics and controls, with the 63 and 180-day-old animals improving with time though they did not achieve control values. In conclusion our data suggest functional performance is poorly and inconsistently correlated with the extent of morphologic injury across all age groups. The immature rat clearly recovers more completely and more rapidly than do older, more mature rats. The findings may imply a greater degree of brain plasticity in the infant rat compared to the adult, and have important implications related to the underlying mechanisms of recovery and the association between brain damage and functional improvement.